We prove that the inequalities α [1/3Q(a, b) and μ ≥ 8/25. Here, M (a, b), A(a, b), C(a, b), and Q(a, b) denote the Neuman-Sándor, arithmetic, contraharmonic, and quadratic means of a and b, respectively.
Introduction
Recently, the Neuman-Sándor mean has been the subject intensive research. In particular, many remarkable inequalities for the Neuman-Sándor mean M(a, b) can be found in the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Let 2 )/(a + b) be the harmonic, geometric, logarithmic, first Seiffert, identric, arithmetic, second Seiffert, quadratic and contraharmonic means of two distinct positive numbers a and b, respectively. Then it is well known that the inequalities
H(a, b) < G(a, b) < L(a, b) < P (a, b) < I(a, b)
hold for all a, b > 0 with a = b.
Neuman and Sándor [1, 2] established that
for all a, b > 0 with a = b.
were presented in [1] . Li et al. [3] proved that 1/p = 2 log(1 + √ 2). In [4] , Neuman established that
and
In [5, 6] , the authors presented the best possible constants 4 , α 5 and β 5 such that the double inequalities
The aim of this paper is to improve and refine inequalities (1.2) and (1.3). Our main results are the following Theorems 1.1 and 1.2.
holds for all a, b > 0 with a = b if and only if α ≤ (3 − 3
holds for all a, b > 0 with a = b if and only if λ ≤ (6 − 6
Lemmas
In order to establish our main results we need two Lemmas, which we present in this section.
Proof. From (2.1) one has
3)
where
We dived the proof into two cases.
1/6 ) follows from (2.2), (2.4) and (2.6).
Case 2 p = α 0 . Then (2.3) and (2.5) lead to
Note that
√ 2). The inequality (2.9) implies that g α 0 (t) is strictly increasing in (1, 2) follows from (2.2) and (2.7) together with the piecewise monotonicity of f α 0 (t). 2 Lemma 2.2. Let p ∈ (0, 1),
Proof. From (2.10) we have
12) 
2) follows from (2.11), (2.13) and (2.15).
Case 2 p = λ 0 . Then (2.12) and (2.14) lead to
Note that 
where f p (t) is defined as in Lemma 2.1. Note that 
